In this work, the full-length hTERT gene was isolated and the sequence of the previously unknown region in intron 6 as well as that of upstream and downstream hTERT regions was determined. We have shown that intron 6 includes a variable number of tandem repeats (VNTR) of a 38 bp sequence, (hTERT-VNTR 6-1). Eight alleles of hTERT-VNTR 6-1 were identi®ed among 103 unrelated individuals, ranging from 27 to 47 repeats. hTERT-VNTR 2-2 is another new 61 bp minisatellite repeat found in intron 2 of hTERT. At least four alleles of hTERT-VNTR 2-2 can be distinguished. Previous studies have described polymorphisms for minisatellites hTERT-VNTR 2-1, a 42 bp repeat in intron 2, and hTERT-VNTR 6-2, a 36 bp repeat in intron 6. These, together with another minisatellite found in intron 12, add up to ®ve such structures within the hTERT gene. The segregation of hTERT minisatellites was analysed in families, revealing that the VNTRs are transmitted through meiosis following a Mendelian inheritance. Minisatellites in hTERT were also analysed in matching normal and cancer tissues from patients with tumors; in one patient with a kidney tumor, the two VNTRs in intron 6 had undergone concomitant rearrangements.
Introduction
Telomeres are specialized structures found at the ends of eukaryotic chromosomes protecting them from degradation and end-to-end fusion (Blackburn, 2000) . The primary structure of the telomeric DNA consists of tandem repeats of a short sequence, and its length varies from several hundred bp in lower eukaryotes to several thousand bp in mammalian cells. The telomeric DNA shows G-C asymmetry, the polarity of the G-rich strand being 5' to 3' from centromere to telomere. The G-rich strand extends beyond the C-rich strand at the end of the chromosome forming a 3' single-stranded overhang, which may result from incomplete replication of the G-strand by conventional DNA polymerases, degradation of the C-strand by nucleases or extension of the 3' end by telomerase.
Telomerase is a ribonucleoprotein complex whose core is composed of a catalytic subunit (TERT) and an RNA component (TR) providing the template for the synthesis of telomeric DNA (Greider and Blackburn, 1989) . The conserved domain for all telomerase catalytic subunits is structurally related to the reverse transcriptase (RT) catalytic domain from retroviruses and retrotransposons. Although TERT and TR constitute the minimal catalytic core of the telomerase ribonucleoprotein particle, other proteins are constitutively or transiently associated with the enzyme complex (Bryan and Cech, 1999) .
Telomerase is expressed primarily in the germ line and in regenerating tissues of the adult soma. In other cells, telomerase is not expressed and telomeres shorten progressively with each cell division cycle. When telomeres become too short, a DNA damage checkpoint is activated and cellular senescence is induced. Thus, telomere length acts as a biological clock that in¯uences cellular life span in mammals (Chiu and Harley, 1997) . Consistent with this view, telomerase is active in most immortal tumor cells that have escaped cellular senescence.
The RNA component of telomerase is expressed in most embryonic and adult tissues (Feng et al., 1995; Avilion et al., 1996) ; in contrast, expression of TERT is highly regulated and correlates with telomerase activity (Kilian et al., 1997; Meyerson et al., 1997; Nakamura et al., 1997) . The 5'-promoter region of the human gene encoding TERT, hTERT, includes binding sites for several transcriptional factors that regulate its expression; in addition, several forms of the hTERT transcript have been detected (Kilian et al., 1997; Meyerson et al., 1997; Nakamura et al., 1997) . These data indicate that telomerase may be regulated by transcriptional and/or post-transcriptional mechanisms such as alternative splicing.
Previous studies reported isolation of genomic fragments from hTERT. Takakura et al. (1999) isolated the hTERT promoter region and Cong et al. (1999) isolated a BAC clone that was used to detect intronexon junctions. In addition, the sequence of ®ve overlapping phage clones spanning hTERT was determined by Wick et al. (1999) , who showed that the hTERT gene encompasses approximately 40 kb and is subdivided into 16 exons and 15 introns varying in length from 104 to 8616 bp. However, the sequence of intron 6 was not completed in that study, and therefore the sequence of hTERT was deposited in GenBank as two fragments separated by a gap of unknown size.
In this study, two genomic clones containing the entire hTERT gene and¯anking regulatory sequences were isolated and characterized. The sequence of a 93 kb BAC insert connects to a Human Genome Sequence draft contig on chromosome 5 and allows us to propose an orientation of the hTERT gene relative to the 5p telomere. Two intronic regions containing polymorphic tandem repeat sequences were analysed and their degree of polymorphism was estimated in a sample of the population.
Results
Isolation of genomic fragments containing the entire hTERT gene Two clones carrying the entire hTERT gene were isolated: a 93 kb BAC and a 54 kb YAC. The BAC clone was identi®ed by screening two genomic DNA BAC libraries by PCR. A circular YAC clone was isolated by Transformation-Associated Recombination (TAR) cloning (Kouprina et al., 1998) . The clones were analysed using PCR primers, which con®rmed that they include 16 exons and correct exon-intron boundaries. The BAC (92 564 bp) includes 41 kb from the hTERT coding region, and 24 and 28 kb from the 5'-and 3'-¯anking regions, respectively. The YAC includes the entire hTERT coding region and 11 kb upstream of the translation start codon.
The insert of the hTERT BAC clone was sequenced using a shot gun approach and the sequence was deposited in GenBank/EMBL under accession number AY007685. This sequence ®lls a preexisting gap between exons 6 and 7. On the same strand, approximately 22 kb upstream from the hTERT gene (i.e. 1.5 kb from the left end of the BAC insert), a perfect match is found with the last 520 bases of a cDNA coding for a cisplatin resistance related protein (GenBank accession no AB045223) (alternatively called cleft lip and palate transmembrane protein 1 (AK027306)). Downstream from hTERT but with reverse orientation, a highly signi®cant homology is found with cDNA sequences coding for a family of orphan transporters identi®ed in a wide variety of organisms. The alignment of the putative translated sequences suggests that the starting codon of this novel ion channel homolog (which would encompass nine exons) is located 490 bases from the right end of the insert. In addition, the last 135 bases of this extremity shows a perfect match with the terminal sequence of a set of ESTs isolated from kidney (with no homology to other sequences in the GenBank), suggesting the existence of an independent transcription unit immediately upstream from the orphan transporter gene.
Finally, the BAC DNA sequence from position 1 to 1963 (left end) shows perfect homology to the beginning of contig ctg16823 assembled on 5pter by the Human Genome Project Working Draft at UCSC (http://genome.ucsc.edu/goldenPath/apr2001Tracks.html), de®nitively con®rming the previous hTERT assignment to 5p15.33 by FISH (Bryce et al., 2000) . This contig contains the rest of the cisplatin resistance related gene and the SLC6A3 gene coding for a neurotransmitter transporter (dopamine). If the proposed orientation for this contig is correct, the hTERT gene would be transcribed on the telomere-to-centromere direction. The BAC sequence reported here partially ®lls the current sequencing gap between ctg16823 and ctg16501 (more centromeric). These results implicate that hTERT is more than 2 Mb away from the telomere on the short arm of chromosome 5, i.e. much far away than it has been previously proposed (Bryce et al., 2000) .
With the exception of the variable number of tandem repeats (VNTRs) found in the hTERT area, no major dierences were noted between our sequence and previously submitted partial sequences. Numerous SNPs are detected both outside (n=36) as well as within (n=6) coding sequences (http://www.cephb.fr/ poltel). In contrast, great dierences (relative to the number of repeats) are found when VNTRs are compared (http://www.cephb.fr/poltel). Albeit cloning, sequencing and/or assembling artifacts are not completely excluded, most of these minisatellite-like repeats bear signi®cant size polymorphism as revealed by PCR ampli®cations from normal individuals (see below).
VNTR polymorphisms within the hTERT gene
The previously published sequence of hTERT had a gap in intron 6. This region was sequenced from the BAC clone and includes 22 copies of a 38 bp minisatellite repeat ( Figure 1A ,B). The repeats diverge approximately by 10% (not shown). Tandem repeats were also analysed by PCR in the hTERT YAC and in human genomic DNA. A 1.16 kb DNA fragment was identi®ed in the YAC (Figure 2 ) which corresponds to 21 copies of the 38 bp unit. Identical results were obtained with the derived YAC/BAC clone; this result indicates that the minisatellite is stable during propagation in yeast and bacterial cells. DNA was isolated from 103 unrelated individuals and analysed by PCR and sequencing. The results revealed eight alleles for this minisatellite ranging from 1.05 kb to 1.81 kb in length ( Figure 2 ) corresponding to 18 to 38 copies of the repeat and a degree of heterozygosity of 0.621. The most common allele had 22 repeats. This variable number tandem repeat was designated hTERT-VNTR 6-1st.
hTERT includes four additional minisatellites: two minisatellites in intron 2 (here called hTERT-VNTR 2-1st and 2-2nd, with 42 bp and 61 bp period sizes, respectively), an additional 36 bp-repeat minisatellite in intron 6 (hTERT-VNTR 6-2nd), and a 28 bp-repeat minisatellite in intron 12 (hTERT-TR 12) ( Figure  1A ,B). The degree of polymorphism of these minisatellites was examined using diagnostic PCR primers (see Materials and methods for details) and genomic DNA from unrelated individuals. No polymorphism was found for the minisatellite in intron 12 (data not shown). However, contrary to a previous report (Szutorisz et al., 2001) , the 61 bp repeat in intron 2 was found to be polymorphic (Figure 3 ). Four alleles of hTERT-VNTR 2-2nd were found, ranging from 40 to 44 repeats with 44 repeats for the most common allele, with a corresponding degree of heterozygosity of 0.476.
The 42 bp tandem repeat in intron 2 (hTERT-VNTR 2-1st) and the 36 bp repeat in intron 6 (hTERT-VNTR 6-2nd) were also characterized ( Figure 1A,B) . Thirty alleles of hTERT-VNTR 6-2nd were identi®ed by PCR
VNTR
Repeat unit Length of repeats Polymorphism (Benson, 1999) are indicated by asterisks. The connection of the left end of the insert to contig ctg 16823 on the Human Genome Project Working Draft allows the orientation of hTERT with respect to the 5p telomere. On top, a blown up portion of the insert shows the relative positions within introns of the ®ve hTERT minisatellites. The striped box indicates the portion of intron 6 that was missing from the previously published hTERT sequence. (B) The sequences of the 5 hTERT minisatellite repeat units are shown. Minisatellites in introns 2 and 6 are polymorphic whereas the minisatellite in intron 12 is monomorphic in the population sample studied. # Nomenclature of minisatellites suggested by Szutorisz et al. (2001) shown in parenthesis using speci®c primers from satellite-¯anking sequences (Figure 4 ). The number of repeats varied from 23 to 88 with 47 repeats being in the most common allele ( Figure  4 ). Most individuals were heterozygotes for this VNTR (degree of heterozygosity of 0.95) in agreement with a recent study showing that this VNTR is highly polymorphic (Szutorisz et al., 2001) . Six alleles of hTERT-VNTR 2-1st were identi®ed in 100 individuals ( Figure 5 ). The number of repeats varied from 40 to 111, with 40 repeats for the most common allele. This VNTR has an estimated degree of heterozygosity of 0.569.
Thus, hTERT contains four VNTRs and one apparently nonpolymorphic minisatellite. This high density of minisatellites within the hTERT gene may be related to its chromosomal location near the telomere (Royle et al., 1988; Bryce et al., 2000) since no major dierences were detected when VNTR densities were compared between neighboring genome sequences assembled at 5p15.33 in the Human Genome Sequence draft (not shown).
Inheritance of polymorphic minisatellites in hTERT
Twenty-three families were selected for segregation analysis of VNTRs in hTERT. Blood was collected from parents and 1 to 3 children from each family. In most cases, alleles of hTERT-VNTR 2-1st, 2-2nd and 6-1st could be identi®ed and their transmission traced from parent to child. The results showed that these hTERTVNTRs are subject to Mendelian inheritance (i.e., children carried one VNTR allele from each parent). New minisatellite alleles were not observed during this analysis (http://www.cephb.fr/poltel). Thus, these three VNTRs in hTERT are meiotically stable and could potentially be used as markers to follow meiotic segregation of hTERT alleles.
Analysis of VNTRs in cancer cells
Telomerase activity is detected in approximately 85% of malignant tumor cells, and its presence may be considered as a signature at least for certain cancer disorders (Colgin and Reddel, 1999; Poole et al., 2001) . Because hTERTVNTRs are polymorphic, and since at least one of them carries consensus sequences for a major transcription factor, it seems possible that they could play a role in activating hTERT during tumorigenesis. This idea was tested by comparing the number of VNTR repeats in DNA from matching cancer and normal tissues from ®ve patients with colon, testis, skin, stomach and kidney tumors. The four polymorphic hTERT-VNTRs 2-1st, 2-2nd, 6-1st and 6-2nd had similar repeat number and heterozygosity in DNA from both tissues in four patients. However, the DNA from cancer tissue from a patient with a kidney tumor, showed a small deletion in 1 allele of hTERT-VNTR 6-1st and a concomitant loss of heterozygosity in hTERT-VNTR 6-2nd (Figure 6 ). Figure 2 Polymorphism of hTERT-VNTR 6-1. The length of hTERT-VNTR 6-1st, a 38 bp repeat in intron 6, was analysed in DNA from 103 individuals by PCR with primers VNTR 6-1st F and VNTR 6-1st R (http://www.cephb.fr/poltel). Eight alleles of hTERT-VNTR 6-1st were identi®ed. Allele frequency, size of PCR product, and repeat number are shown in table and electrophoretic pattern of PCR products is shown in ®gure. The ®rst and last lanes are size markers and lane Y is a positive control using hTERT YAC DNA Figure 3 Polymorphism of hTERT-VNTR 2-2nd. The length of hTERT-VNTR 2-2nd was analysed in DNA from 103 individuals using PCR primers VNTR 2-2nd F and VNTR 2-2nd R (http:// www.cephb.fr/poltel). Four alleles of hTERT-VNTR 2-2nd were identi®ed. Data is presented as in Figure 2 
Discussion
The mechanism by which expression of the catalytic subunit of telomerase is regulated is currently under intense investigation. Expression of the catalytic subunit TERT is important in cell growth and senescence because it is most of the time the limiting factor for telomerase activity in human somatic cells (Avilion et al., 1996; Kilian et al., 1997; Oh et al., 2000) . Several reports have indicated two main regulatory mechanisms for hTERT: transcriptional control and alternative splicing of hTERT transcripts Figure 4 Polymorphism of hTERT-VNTR 6-2nd. The length of hTERT-VNTR 6-2nd was analysed in DNA from 100 individuals by PCR with primers VNTR 6-2nd F and VNTR 6-2nd R (http://www.cephb.fr/poltel). Thirty alleles of hTERT-VNTR 6-2nd were identi®ed. Data is presented as in Figure 2 ( Kilian et al., 1997; Armstrong et al., 2000; Ulaner et al., 2000) .
Several studies examined hTERT expression using reporter constructs with a segment of the TERT promoter. These studies show that the human and mouse TERT genes are regulated by inducible transcription factors including c-Myc, Sp1 and NFkB (Horikawa et al., 1999; Wick et al., 1999; Wu et al., 1999; Kyo et al., 2000; Yin et al., 2000; Oh et al., 2000; Tzukerman et al., 2000; Poole et al., 2001) . However, these studies were not carried out with a complete hTERT gene including all putative regulatory elements and introns. This paper describes the isolation of a 93 kb BAC and a 54 kb YAC that include the complete sequence of hTERT together with 5' and 3'¯anking sequences which may contain important regulatory elements. These clones were analysed by direct sequencing, ®ne restriction mapping and PCR and their characterization will hopefully aid studies on the regulatory mechanisms that control hTERT expression. Preliminary data showed that rodent cells transiently lipofected with the hTERT YAC expressed appropriately spliced hTERT mRNA (unpublished observations), suggesting that these clones may be used to generate mice expressing hTERT.
TAR cloning, a technique allowing direct isolation of genes from complex genomes (Kouprina et al., 1998) was used to isolate the hTERT YAC described here. Since TAR cloning is a rapid procedure by which genes can be isolated in 2 weeks, a similar TAR cloning procedure can be used to isolate hTERT from additional human tissues and cells. This approach will facilitate study of polymorphism in hTERT and its role in gene regulation.
A 38 bp-repeat minisatellite, hTERT-VNTR 6-1st, was identi®ed in the previously missing region of hTERT intron 6. This is the ®fth minisatellite within the hTERT gene: the others include hTERT-VNTR 2-1st and 2-2nd in intron 2, hTERT-VNTR 6-2nd in intron 6 and a 28 bp-repeat minisatellite in intron 12. hTERT-VNTR polymorphism in normal and cancer tissue. Genomic DNA was analysed from normal and cancer tissue of patients with skin, stomach or kidney cancer. The lengths of hTERT-VNTRs were analysed by PCR. Results are shown for hTERT-VNTRs 2-1st, 2-2nd, 6-1st and VNTR 6-2nd in panels A ± D, respectively. Lanes 1, 3, 5, and 7 are normal tissue samples. Lanes 2, 4 and 6 are cancer tissue samples. Lanes 1 ± 3 are from a skin cancer patient; lanes 4 ± 5 are from a stomach cancer patient, and lanes 6 ± 7 are from a kidney cancer patient. The ®rst and last lanes are size markers and lane Y is a positive control hTERT YAC DNA This and a previous report (Szutorisz et al., 2001) show that hTERT-VNTR 2-1st and 6-2nd are polymorphic. We now show that hTERT-VNTR 2-2nd is also polymorphic. Since, as shown here, these VNTRs are inherited in a Mendelian fashion, their polymorphisms may be useful as markers for meiotic segregation of hTERT alleles during study of telomerase-related diseases.
VNTRs have been identi®ed in many mammalian genes (Faik et al., 1994; Desseyn et al., 1999; Chowdhury et al., 2000; Choi et al., 2000; Yang et al., 2000) . Typically, these polymorphic minisatellites occur in intronic sequences, but they also occur at exon-intron junctions and in 5'-or 3'-¯anking sequences. Some minisatellite alleles are associated with human disorders and with dierential expression of nearby genes (Bailly et al., 1996; Nakamura et al., 1998; MacKenzie and Quinn, 1999; Fiskerstrand et al., 1999; Alakurtti et al., 2000) . For example, a VNTR in the 3'-¯anking region of the H-ras gene binds the rel/ NF-kB family of transcription factors and contributes to the transcriptional activation of H-ras (Trepicchio and Krontiris, 1992) . Rare alleles of this VNTR are associated with high risk of cancer of various types (Krontiris et al., 1993) .
hTERT has four polymorphic minisatellites VNTRs 2-1st, 2-2nd, 6-1st and 6-2nd and 1 apparently monomorphic minisatellite TR 12. The functional role played by these VNTRs is not clear, but they might intervene in regulatory mechanisms aecting hTERT expression. Several observations support this possibility including the following. Many repeats of hTERT-VNTR 2-1st include the canonical CACGTG binding site, also present in the promoter region, for the MYC family of oncogenic transcription factors; on the other hand, overexpression of c-MYC activates hTERT transcription through this element (Wu et al., 1999) . VNTR 2-2nd repressed hTERT promoter activity in a reporter gene assay (Horikawa I, unpublished data) , and it is possible that VNTRs in introns may also aect mRNA splicing (Turri et al., 1995) . The hTERT gene has at least six alternate splicing sites, one of which (b site) produces an mRNA lacking exons 7 and 8 yielding a catalytically inactive, C-terminally truncated hTERT protein (Yi et al., 2000) . It is possible that VNTRs in intron 6 may regulate this alternate splicing event, but evidence to support this idea is missing.
In this study, VNTRs within the hTERT gene were examined in DNA from normal and cancer cells from ®ve cancer patients. The DNA from cancer cells of one patient with a kidney tumor had a simultaneous rearrangement of hTERT VNTRs 6-1st and 6-2nd. The rearrangement included a small deletion in hTERT-VNTR 6-1st and a loss of heterozygosity in hTERT-VNTR 6-2nd. Minor changes of minisatellites in hTERT have been also observed in tumors by others (Szutorisz et al., 2001) . Since cancer cells exhibit increased genomic instability compared to normal cells, this observation is not sucient to suggest that expression of telomerase can be activated in tumor cells by rearrangements implicating these minisatellites. However, this idea may warrant further investigation, such as a large scale epidemiological study of hTERTVNTRs polymorphisms and their association with cancer risk as well as with human disorders associated with cell proliferation and aging (Mitchell et al., 1999; Shay and Wright, 1999) . The possibility that certain hTERT alleles are more susceptible than others to signals that activate expression of hTERT also warrants further study.
Materials and methods

Radial TAR cloning of the hTERT gene
A TAR vector, pVC604-RT1, containing a 3' sequence of the human TERT gene and Alu BLUR13 sequence (Kouprina et al., 1998) was constructed using the basic TAR cloning vector pVC604 (HIS3-CEN6) (Kouprina and Larionov, 1999) . A 100 bp hTERT hook [positions 64 300 ± 64 399 in genomic sequence (GenBank accession no AY007685)] was cloned as a BamHI-EcoRI fragment and a 280 bp Alu hook was cloned as a XhoI-EcoRI fragment into the pVC604 polylinker. TAR cloning vector was cut with EcoRI before transformation to yield linear molecules bounded by a gene-speci®c hook on one end and a common repeated human DNA element (i.e., Alu) as a hook on the other end. Transformation experiments were carried out with freshly prepared yeast spheroplasts as previously described in TAR cloning protocols (Kouprina and Larionov, 1999) . A high molecular weight human genomic DNA for TAR cloning was purchased from Promega. To identify transformants containing the hTERT gene, transformants were examined by PCR for the presence of exon sequences using pairs of speci®c primers (http:// www.cephb.fr/poltel). One of the clones containing a 54 kb circular YAC was positive for all exon sequences analysed. This clone contains the entire hTERT gene along with approximately 11 kb sequence upstream of the ATG start codon. A standard lithium acetate transformation procedure was used for retro®tting the hTERT YAC into a BAC using BRV1 vector (Kouprina et al., 1998) . The YAC/BAC construct was moved to E. coli by electroporation as described previously (Kouprina et al., 1998) .
Screening of human genomic DNA BAC libraries
Two pBELOBAC11 (HindIII and BamHI) human genomic BAC libraries available at CEPH were screened by PCR using 5'-CACTTGAAGAGGGTGCAGCT-3' as the forward primer and 5'-TCGTAGTTGAGCACGCTGAAC-3' as the reverse primer (conditions: [948C(30s) ± 658C(60s) ± 728(120s)615 cycles]+[948C(30s) ± 588C(30s) ± 728C(180s)625 cycles]). A single clone of around 100 kb was identi®ed and its identity further con®rmed by the PCR ampli®cation of other hTERT speci®c fragments. The BAC was puri®ed in a CsCl gradient and sonicated. DNA fragments from 1.5 to 3 kb were isolated by gel electrophoresis and repaired/blunt-ended. Two random mini-libraries were constructed in M13mp 18 and pUC9 (SmaI) and shotgun inserts were PCR ampli®ed and sequenced on both strands using universal primers. Chromatographs corresponding to around 1200 reads were analysed and assembled using Unix-based Phred/Phrap/ Consed softwares. Directed site-speci®c cloning or PCR ampli®cation from the original BAC was used in some instances to ®ll sequence gaps. Finally, direct sequencing of the BAC with speci®c primers was used for sequence con®rmation whenever ambiguities appeared.
Sequence analysis
Search for similarities with sequences deposited in GenBank or for map exon/intron boundaries within the hTERT locus was done using the Blast (Altschul et al., 1990) and pairwise Blast (Tatusova and Madden, 1999) programs, respectively. The Tandem repeats Finder software (Benson, 1999) was used to detect VNTRs and other repeated regions. Locus annotation and submission to GenBank were done using Sequin. accession number AY007685.
PCR analysis of hTERT YAC and BAC clones
All primers described in this work are based on hTERT genomic sequence and are shown on website (http:// www.cephb.fr/poltel). Yeast genomic DNA isolated from the transformants was ampli®ed using primers under the following standard PCR conditions: 50 mM KCl, 10 mM Tris-HCl, pH 9.0, 3.0 mM MgCl 2 , 0.2 mM dTTP, dCTP, dGTP and dATP in a ®nal volume of 50 ml. Thermocycling conditions were as follows: 30 cycles of 1 min at 948C, 45 s at 588C, and 1 min at 688C, followed by one cycle of 10 min extension at 728C in a 9600 Thermocycler (Perkin-Elmer). To assess the degree of polymorphism of hTERT minisatellites, DNA was analysed from 103 healthy unrelated individuals. DNA was isolated from peripheral blood lymphocytes using standard methods. Comparative samples of noncancerous and cancerous tissues of skin, stomach and kidney were obtained during surgery at the Dong-A University Hospital in Korea for analysis. PCR analysis of human DNA samples was performed using the Takara LA Taq polymerase (Takara Co., Japan) with 100 ng genomic DNA. Cycle conditions were 948C for 2 min, then 30 cycles consisting of 45 s at 948C, then 3 min at 688C. The last elongation step was extended to 10 min at 728C. PCR products were analysed by gel electrophoresis (1 volt/cm) in TAE buer through 0.7% agarose gel.
Isolation and manipulation of hTERT BAC/YACs
Neo R / BAC/YAC DNA was isolated from bacterial cells using a standard alkaline lysis procedure, puri®ed on QIAGEN columns. BAC DNA was used for transfection of B16 mouse and 10W hamster cells (ATCC) as previously described (Kouprina et al., 1998) to test its ability to support transcription of hTERT. Total cellular RNA was isolated from rodent cell transfectants by the RNeasy Mini kit (Qiagen, Inc., Velencia, CA, USA). First-strand cDNA was synthesized using 2 mg RNA as a template. The RNA was denatured at 728C, mixed with 500 ng of oligo(dT) primer (Clontech), 2000 pmol dNTPs, and 200 units SuperScript II reverse transcriptase (Gibco-BRL) in a volume of 20 ml, and incubated at 428C for 50 min. The following pair of primers developed for exon 3-exon 4 sequences was used to detect hTERT mRNA: 5'-CGGAAGAGTGTCTGGAGCAA-3' and 5'-GGATGAAGCGGAGTCTGGA-3' (Nakamura et al., 1997) . Appropriately spliced hTERT mRNA was detected by RT ± PCR in extracts of cells transiently lipofected with the BAC/YAC (data not shown).
